Blue phase liquid crystal (BPLC) has important applications in adaptive lenses and phase modulators due to its polarization-independent property. During our efforts for development of the new materials, we found a novel phenomenology of phase transition, from focal conic smectic to smectic blue phase in a partially fluorinated cyanophenyl alkyl benzoate ester based nematic liquid crystal (LCM-5773) doped by ultra-high twisting power [H.T.P~160 m -1 ] chiral dopant (R5011/3 wt%). Polarized optical microscopy (POM) investigations revealed focal conic and fan-shaped textures typical for columnar mesophases. These focal conic domains (FCDs) are squeezed under electric field and finally at a critical electric field they undergo a dark state.
Introduction
Liquid crystal (LC) is ubiquitous and embedded to our daily life through user-friendly devices. 1 These devices can be categorized as display and non-display devices. 2 The latter includes phase modulators, adaptive lenses, temperature sensors, biosensors, etc. The LC adaptive lenses [3] [4] [5] [6] have the advantage in tuning the focusing power by applying a low voltage. They may have very high impact in the field of vision care, especially for correction of prebyopic eyes that need add power for near-vision tasks due to aging of the eyes. It is a natural phenomenon and eventually affects almost everybody, so this application has a broad market. We have developed several prototypes for this application. [3] [4] [5] [6] The currently available devices use nematic LC materials, which is polarization dependent, and therefore two devices with orthogonal buffering directions are needed to be integrated together to form a polarization-independent LC adaptive lens. Blue phase (BP) LC material has polarization-independent electro-optic response and has the potential to greatly simplify the structure of the LC lenses and phase modulators. Therefore it is important to develop new BPLC materials that are suitable for this application. The new finding to be reported in this paper is the intermediate result of our efforts towards this goal.
In LC systems most non-trivial behaviors originate in the form of frustration produced by two or more conflicting controlling parameters. [7] [8] [9] Frustrations can generate novel phase transition between ordered phases and complex spatial structures at the cost of minimization of local conflict. Among the frustrated LC systems, twist grain boundary (TGB) phase is unique and it arises from the frustration of chirality combined with a smectic density wave. TGB phase was predicted theoretically by de Gennes, 10 and Renn and Lubensky 11 as the LC analog of the Abrikosov type II superconductor and has been found experimentally in chiral thermotropic LC by Goodby et al 12, 13 The TGB phase generally arises at the phase transition from the isotropic or chiral nematic (N*) to SmA or SmC* phases 14, 15 and the temperature range is very short. 16, 17 However, recent investigations found wide temperature ranged TGB phases. 18 Further study on those materials revealed that a large tilt susceptibility and a large penetration length for tilt of the director, are responsible for bulk giant smectic blocks. 18 
Experimental
The host nematic LC used, LCM-5773, has the temperature interval from - 
Results and discussion
Figure 1 We have observed little shift of the transition temperatures, as shown in the Fig. 3 . Figure 3 (a) shows the focal conic texture with smaller size at 68 o C with respect to the previous cooling rate. (Fig. 3(c) ) and at 65.5 o C (Fig. 3(d) ). Again, the transition from BP to TGB phase took place at 65 o C (Fig. 3(e) ). It is worthy to mention that transition from smectic focal conic to BP LC is not normal. In general, for previous report of smectic blue phases, there is no evidence where focal conic texture arose before BP during cooling from isotropic liquid phase. Therefore this transition is novel. According to the phase sequence of smectic BP, hexagonal BP Sm 2 may arise before cubic BP Sm 1, but the texture is mosaic, contrary to our observation. 31 In this case focal conic/fan shaped texture indicates the phase may be hexagonal, but why we cannot see mosaic texture is yet to be discovered. and (e) show a more interesting phenomenon that two grains are separated by two different ropelike grain boundaries. This type of BP texture is absolutely new and expected to be manifestation of smectic blue phases. Figures 6 (a)-(c) show that as the amplitude of the square wave voltage of frequency 1 kHz increases, the focal conics are squeezing and finally at a critical electric field the texture gets dark (Fig. 6 (d) ). As we predicted that the focal conic texture may be hexagonal, here we are getting another clue that it might be hexagonal columnar type phase consisting of smectic cylinders, because under the vertical electric field the texture is going to dark state when the sample is filled in a sandwiched glass cell. This kind of texture and vertical electric field induced transition have been reported by other authors 42, 43 and are similar to our observations. Under an electric field the texture changes its color slightly due to electro clinic effect and switching is observed under POM as shown in Fig. 7 (b) .
Conclusion
The present findings pose new theoretical challenges and potentially open the way for smectic blue phase liquid crystal research. Due to the complicated coupling of the coexisting smectic layer order and helix, the internal structure and the stabilization mechanism of the SmBPs have not yet been fully investigated. In our sample cooling from isotropic phase, the sample may come to a columnar phase, then it transform to smectic cubic blue phase, and finally to TGB phase. This columnar phase seems to be double twisted. In TGB phase, first TGBA * phase arose, then TGBC, and finally it came to TGBC* phase. The temperature ranges are as follows from texture observation Iso-67. 
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